Thr90 phosphorylation of Hsp90α by protein kinase A regulates its chaperone machinery.
Hsp90 (heat-shock protein 90) is one of the most important molecular chaperones in eukaryotes. Hsp90 facilitates the maturation, activation or degradation of its client proteins. It is now well accepted that both ATP binding and co-chaperone association are involved in regulating the Hsp90 chaperone machinery. However, other factors such as post-translational modifications are becoming increasingly recognized as being involved in this process. Recent studies have reported that phosphorylation of Hsp90 plays an unanticipated role in this process. In the present study, we systematically investigated the impact of phosphorylation of a single residue (Thr90) of Hsp90α (pThr90-Hsp90α) on its chaperone machinery. We demonstrate that protein kinase A specifically phosphorylates Hsp90α at Thr90, and that the pThr9090-Hsp90α level is significantly elevated in proliferating cells. Thr90 phosphorylation affects the binding affinity of Hsp90α to ATP. Subsequent examination of the interactions of Hsp90α with co-chaperones reveals that Thr90 phosphorylation specifically regulates the association of a subset of co-chaperones with Hsp90α. The Hsp90α T90E phosphor-mimic mutant exhibits increased association with Aha1 (activator of Hsp90 ATPase homologue 1), p23, PP5 (protein phosphatase 5) and CHIP (C-terminus of Hsp70-interacting protein), and decreased binding affinity with Hsp70, Cdc37 (cell division cycle 37) and Hop [Hsc70 (heat-shock cognate protein 70)/Hsp90-organizing protein], whereas its interaction with FKBP52 (FK506-binding protein 4) is only moderately affected. Moreover, we find that the ability of the T90E mutant to form complexes with its clients, such as Src, Akt or PKCγ (protein kinase Cγ), is dramatically impaired, suggesting that phosphorylation affects its chaperoning activity. Taken together, the results of the present study demonstrate that Thr90 phosphorylation is actively engaged in the regulation of the Hsp90α chaperone machinery and should be a generic determinant for the cycling of Hsp90α chaperone function.